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[Following is a translation of an article by

A. N, Leont'yev and D. Yu. Panov in the Russian-
languege periodical Voprosy Filosofii (Problems
of Philosophy), No 8, 10€2, pages 50-€2,]

The gulding prospect and ideal of the building of
Communism is man., "Everything in the nume of man, every-
thing for the sakeé of man® ~-’this diction in the CFsU
Program, revealing the inner motive of the history meking
progress of our society, also constitutes the primary
guideline In development of science. In particular; a
new develcopment impetus 1s imparied to the sciences
concerned with a direct study of man as such, and among
them of steadily Increasing importance are decoming the
sciences dealing with the most complex manifestations of
man s vital activity «- psychology and physlolopy of
higher nervous activity. . .

An attempt to approach some theoretical prbblems
of psychology arising in connsction with prospective
developments of the principal activity of man -~ its

- work activity, which effectuates the process of moterial
production, 1s precisely the topic of the present report.

1

In the course of work, in the directly prcductive
activity, takes place the initial formatlon of the fornm
of psychic reflectlon which ia specifically inherent in
man -- of 1ts intellect. Thus, work constitutes the
initisl decisive factor, as well as the embodiment of
spiritual, psychic deveiopm@nt of people. It 1s In this
sense that K. Marx refers to the history of industry as
, an "open book" in which 1s perceptibly revealed to us the
{ buman psychology (see. Iz Rannikh Proizvedeniy {Selecteq*J

' JPRS: 17,357 —7
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iBarly Worksl, 1556,

The ore-Marxian sclence of na}clmlogy was unahle to
read this book, The diverce of mental work from pbv lead,
wideh iﬁﬁh@@ spiritual withering of physlical work, was 16-
flected in poyehology by the fact that the scopé of 1ts
gtudy wag confined exclusively to the domain of purely
menta actlvity, without inner connection of the latter
with work, w?uh the development of soglal productlion,

Wore 1o iu&b?ri form, in the form of proqncrion of the
material values, was considered only from the &tunapoint
of its purely sxbernsl relationship ta man . Man, taking
part in u”adu“hluv NTOCeSsEs contr013eﬁ by material,
nech&n; cal laws, was considered only in one of its zSp&QtS‘
o @8 aunozﬂiﬁat@ in his work activity to these laws

' Therefore, to the end of the past century ?pe
nevehology 418 not study 2t all man es an indlvidual of
raterial nproducticn. Psychology of labor did not exist.
Although unfer thne conditions of mechanical production
of that time the labor activity of a weorker was reduced
mainly tn z performance of mon stonously recurrent external
motlve pPQC*O&u, the steadily more urgent necessity of
intens 1fﬂ lhg the work brought to the fore the problem
of wax cime) incresse of efficacy and coordinaiion of the
funetions werformed by worker and machine. In responsé 10
“this problem arobe the so-~called Taylorlsm and industrial
payshotechnology. They wdertock the study of such probtlems
as the nossible tightening of weork schedule by e€limination
of superfluous motlons and greater work mvofic*encf, the
d&termination of most convenient shape and dimensions
of handles of manuvally onerated fools and machines, the
more efficlent arrangement of opsratorts stands, and the
like. Concurrently work was in progreeﬂ, on a steadily
increasing scale, ~on qele¢tion of workers on the tas

of thelr skill, whicn was aimed at recrulting fov wve-
duction work, from the avdilable reserve of labor force,
the pecple best suited for performance of the reguired
work funoctions, that is of peonle the sxploitation of
whom wotld y$eld the grvateq+ galns to the employer,

In asssssing the Taylor system (and this appraisal

may be legitimately extended teo include inu n8 yc}@tech»
nology prevalent abroad, at that tﬁme) Ve I, L&nin ex-
auﬂaeu its dual nature, fe wrote tha tLP Taylor systenm
”Qvﬁb&hﬂ the refined atrocisty of nuurgeulwie eXploi.
ta don and e nuwber of greastest sclentific achievensnts
in analysis oi mechanical motions during work, elimi-
nu%ion of superfliuous and awkward motnonw, development of
best work praut‘ces, maintenance .of best systems of ac«
counting and supervision, ete." (Collected Works, Vol 27,
E 'Qc:t‘""“ 20 _J

\
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An essentislly entirely novel stage of developmen€"7
of work psycholegy, notwithstanding its sequential con-
nection with the former psychotechnology, was Initiated by
the so-called engineering psychology (or "human engineering')

. ergoenomics), which developed in its present-day form after

the Second World War, The decisive role in the evolvenment
of engineering psychology was rlayed by rapid development
of complex technical equipment in industry, aviation and
other forms of transport and copmunications, and also by
the repid development of electronics, cyvernetics, and
information theory. ‘ .

The technical progress has revealed with particular

i »
emphasis the Jmportance of the "man and machines" problem,

It has imvarted a new meaning to this problem. While under
the nast conditions the cuestions of matehing the work of
man and mechine could in most irstances be resolved on the
common sense basis and requlred determination of relatively
elementary anthropometric data, and some selection on the
basis of skill, under the cenditions of employment of a
comnlex equivment the resoluticn of these questions was
found to be impossible without special studies. Already
during the war years the operation: engineers and tech -~
nicians encountered a number of unusual, not readily
explainable errors committed by military personnel while
using military machines and mechanisms. To determine the
causes of the occurrence of these errors, and in the
search for mesns of eliminate them, resort was had to
peychology. It was in this manner that it was ascertained
that comnlex equipment often taxes man with such demands
that the satisfying of them necessitates a profound study
of man's capabilities, in order to bring them In harmony
with the capabilities of the machines, The working cut
of these problems was the most important tenor of the
engineering psychology. .
hAs & result of advances in production mechanization,
which have made 1t possible to relagate Lo the machines
the overwhelming part of motive operations formerly pere
formed by workers and constituting the main, most clearly
manifested portion of their work activity, of foremost
importance bhecame the laner, psychic functlons, primarily
the sensory functions., While the "execution part! of the
work processes underwent simplification, the processes of
verception, and processing of percelved data, became
steadily more complex and "load-carrying®. This led to
the numerous studies of man's perception, aimed at an
amelicration of instrument reading scales, thelr mutual
arrangenment on indicating panels, etc.
Although these investigations had primarily narrow,
Lifplicatory objectives, thelr general psychological, —J



N . awoy
fzgéﬂretie&l significance soon became apparent. It was fovné;
first of all, that the previous approach to percnpt*om
precesses, and the very concepts relied upon to define
them, are inadequate for encompassing the new and scwetimes
unexpected results whieh were obvainad in these studies,
There arose, for example, the problem cf guantitative
evaluation or the voelums uf rercaption by man of the
various signals incoming to him. Sincé this problem could
not be resolved by 2 simple computat*mn of the nunmher of
stimuli signsls e:fecti?ély rercelved per unit of time, the
necpssity aroge to resort tc methods developed in the

formatlon theory for solving snalogous prablems in the
uechnical compunication systems., Tegether with introduction
inte peychology of information-theory wmeasursments, which
determine the nrohability of occurrence of any giveﬂ
signal, the statistical {(probability} approach became s
widely utilized practice also in the investigationg aimed
at aluciﬂaticn of the very nature of perceptlon processes,

. A 3till nmore 1mnnrtant role was played by the fact
that new foundations were provided for the %tandpeint of
regarding perception as & relatively independent process,
esonstituting not merely the ,nitial Link of a reflectory
event, but a complex and relatively “completed" functional
s;stem which comprises numerous central amd efferent links,

system having its own speciffic regulation and its own
mp¢cific product in the form of an integral 1m4g9 of the
object actively differentlated wlthin the external fileld,
or in the form of an also actively differentiated ~aparate
parameter of any given influencing complex,

Inseverably from the problenm conterning the amount
of informztion received, arose the problem of study of
the procasses of its hanalizg by men, which were found to
approximate in their complexity the nost subtle processes
ever Invesvigated in psychology. It ls sufficlent *a
refer, for example, to the data of Invesi ithion of th
various: qtrategies the employment of which 3s necessary
for the recognition and classification of comblek per-
ceived objlects.,
Thus the development of J.rwitigat‘ong 4n the

field of engineering pqycho;ngv brought out a most imm
portant facts the more the work functions Mhre convertad
to the function of control of the machlines, the more
fully became apparent their psychiological cogqition
+eno“- and the more was revealed, behind the outward
motlan acts performed by the workereoperatior, the hugs
and often very intensive imnmer mental work effected by

hmo
One should not assume, af course, that the above
i stated alterstion of the functions performed by the worker |

- ehsminan l§ ey
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an‘nroduction, imparted for the first time a psychologicJET

tencr to work processes, It merely revealed the psycholo-
gleal tenor inherent in any work process., hven the most
simnle acts of work, consisting of repsated cutward motions,
have a complex physiclogical and vsychologlical regulation,

The analysis of the content of current engineering-
psychology investigations permits fo differentiate still .
ancther, third stage in the studiles of man's work functions.
Altrough the problems which are characteristic of this
stage arose already during the period when engineering
nsychology was only ir a state of formatlon, and it is
difficult to indicate chronologleally its beginning, in
its fully developed form it is outlined with sufficlent
clarity, This is the stage of resolution of the problems
which confronted psychology on further advances of the
automatlon of production.

The creation of complex technlesl systems of auto-
matic control was of the nature of a shift of the boundary
which separates the functions of man snd machine. Such
funetions, for examnle, as recognltion of objects, working
out of optimal solutions of operational problems, etc.,
were consigned more and more to the machines. As a result
the preblem of cérrelation of the functions of man and
machine moved to anothér, still higher level: it was found
that it wes necessary to bring in agreement the higher
psychic functions of man and the functions, aralogous %o
them, performed by automatic devices. Thils, of course,
introduced new problems not only in psychology of work,
but also in the general theory of psychology. We will
consider only some ‘¢f these problems. :

2

Cemplex, semiautomatic systems of ¢ontrol are based
on the nrinciple of a discribution of functions between
man and the technical cybernetic devices which effect an
activity comparable to the higher nervous, psychilc
activity. For a matching, under these concitlions, of the
work of both "units" of such a system (operators and
machines) the study of particular characterlstics of man,
for example of his carrying capacity or interflerence re-
sistance, was no longer sufficient., The necessity arose
to ascertain the structure and inner mechanisme ¢f his
psychic activity, in order to make 1t possible to carry
out technical simulation of those processes which it is
best to consign to the machine, On the one hand, the
provesed independent basic diagrams of the automats heing
designed reyuired an analysis f{rom the standpolnt of theilr

Lifuulity to that psychic activity of man which they are j



{hymothetica simulatmng, and with which the ey should meégg
into a aingle systen, On tne other hand, such & hypothetic
simalation becomcs a method of investigation of the spe
clfic nature of the psychic activity as sueh, by weans of
a comparison of its n&\ubal&tieq with the canab&litie ol
technical simulators

The aaenmulated expe“ienCﬂ ‘with ub?bnihal sinulation
of psychic funetions permits ab present to ascertain with
sufficient c’arity the existence of serlious mismatch between
capabilities of man apd capabllities of modern, actuwally
“Ylthﬂg aubtomatic machines. This mismatch should not, by
any means, be obscured by a reference to the theorstical
prn,pect so to speak, of exbaustive mathematical and
technical simulation of all vital manifestatl onsy ine.
sluding alsc #he psychic manifestaticns. On the contrary,
it 1s »recisely from the standpoint of this prospect tqat
the discovery of such & mbemateh 4is of greatest heuristic
importance to cyhernetlcs as well as psychology.

It is well-knowathat to date there have been dé- . v

veloped "perceiving automats". buc“ are, for instance, the
rarceptrons ("Mark II" and others), matrices of K. Shieyn-
bkl ¢ *eading mackines, vocoders, and other davices,
Lawnver, they are dctually recognizing mechines, capable
of reﬁognjz&ng & definite class of objects, which wers
fed inbc tnem during the process of their “training" or
tself-training”, There are as yet no machines capable of
actual visual percedtion of objects, Modern psychologlesl
auﬂdluﬁ have shown that the structure of the process of
percepticn of ohjects includes, in addition to other oper-
ations, as i%s principal link, tne operations of active
differentiation in the object of 1is ‘sensory content
(shapes, factures, colors, ete,) necessary for the purpose
of nercelticn. It ig precisely the process of differenti-
ation of this most “Informative" content, that 1s not
effﬂonea by the modern auntomats,

Bven such speclallzed operatlions as the reading
of a ilettered texk is effected by the presently available
mechines, 8o far, in 2 manner that 1s not perfect. It is ‘ .
sufficient to men*lon that the occurrence of interferences
in the presence of which the perception of a fext by a ;
man is practically fully retained, renders recaﬁniticn Y
of the letters by the machine almost 1mpo sibie. Bartlent
has poi;ted out that man can read a text when the lower
half of the lines l1s cmmp‘etely covered or removed; a
tesk which is so far lmpossible to the recognizing man
chines, This capability of a man is due Lo the fact that in
a4 reading person uhe'¢nadequ°t& dnformetion contained in
the incomplete graphic representatlon of the letters 1s
combinaed with vast excess information contained in the N—J

———— .
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f;;aning content of the text. . ' '

Thus, at first sight, we have a paradoxal situation.
Man's perception is characterized by the fact that it is
capable of functioning with inadeguate Informative signs
eentained in the objecty at the same time it is capable of
utilizing a vast information which, however, is not di-
rectly coded in the signs of the objects. This is, precisely
trhe explanation of the occurence of such effects as the
adequate perception by man of double-meaning imagesy the
"solving" of puzzle~pletures without prior knowledge of
any signs of the objlect concealed in the picture, etc,

It 1s obvious that the basic scheme of the perception
orocesses performed by man and. by modern machines are
not coinclding with one another.

This is completely evident, in particular, in the
case of reading of a text. The available data show that
the eye of the reader does not come to a stop at each
letter, but only at one out of four to six letters; in
this diSplacement the eye effects numerous inversions of
the text, that is, the gaze comes to a rest at first on,
let us say, the third word of the line, from the lefts
then it moves to the beginning of the line; then moves
forward, that is, to the righty then moves again in the
ba¢kward direction, and so on. This 1is entirely different
from the manner in’which the analogous process takes
place in the machines. o

Even the foregoing cursory comparisons of the capa-
bilities and methods of perception by man and by modern
machines, permit to reach the conclusion that the schemes
of the latter dec not adequately simulate the corresponding
processes occurring in human brain. These schemes depart
from the psychological fact that the specific product of
human perception is the image of the object, and not the
code of 1its signs used in the solution of a definite
problem, Is it legltimate to make such a distinction
between the image of an object and the code of its signs %
We believe that it is not only legitimate, out absolutely
necessary, even on leaving out of consideration, for the
time being, the lmportance of this distincticn from the
standpoint of theoretical cognition.

The gist of the mattexr is, that the principle of
signalizatlon, which 1s the basls of any code, even
though it is at the same time the principle of reflection,
i1s not however 1ts only principle. The image as a resulty .
as a subjective product of perception (we mean an imsge
in the broad meaning of the term?, can be transmitted by
a code, but the image itsell is not a sign, not a cone
ventional, not a hleroglyphic transmittal of the real

Lzhing, but its reflection, comparable in its fullness wi?lj
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material {the so-called "long-time memcry") and of repro-
dueing it with flawliess accuracy. Finally, they have also
a sufficiently large volume of memory ~- up to 108 binary
units, '

It is remsrkavle, however, that ail thls notwith-
standing, in the procsdure by which machine memory is
operating, and consequently in its functional capabilitiles,
it is.stiil‘less gsimilar to memory c¢f man than machine

-perception 18 to human perception, The gist of the mutter
1s, that machine memory simulates only a particular mecha.
nism thersof, namely the mechsnism of formation of engrams,
that is, of traces capable of reproduction. This mecha«-
nism censtitutes an indispensable condition of cperation
of human memory, but theé principle of operation of human
memory is the principle of sensible memorizing and repro-
duction. Only in isolated, most exceptional instances,

the mechanism of engrarming becomes foremost in memory,
and 1t is precisely in such instances that are revealed
most evidently all of its limitations and even its "un-
ratural character? insofar as man is ccneerned,

To give a striking illustration of this, we will
describe a pecullar experiment performed by one of us
several vears ago. It was carried out in conjunction with
a lecture on memory, deliversd to an audience of advanced
training, at which were demonstrated the mest unusual
mnenonic faculties of S, V. Shereshavskiy, which have been
deseribed many a time in psychological litterature, The
experiment, with which we are concerned, was as follows,
After a long serles of randem words had been read aloud,
once, to S, V., Shereshevskiyl end was reveated by him,
without an error, according to a specific program (from
béginning to the end of the series; then {rom the end tec
the beginning of the series; then from the middle of %he
serles, alternately, to the beginning and to the end, ete.)
the foilowing problem was given to S, V. Shereshevskiy
end at the same time to the entire audience, It was
required to find an answer to a question concerning one
word of the seriesy it was agreed that Shereshevskily will
answer the question aloud, while every member of the
audience who has mentally determined the necessary answer,
will immediately raise hils hand in silence., Thereafter
the foliowing question was asked. Which of the words of
the serlies submitied for memorizing, ané then repeated
without an error, means an infectious didéase ¢ (The
werd in question was "typhus',)

This exveriment had the folleowing result. Immedi-
ately after the last two words of the submitted question
had been spoken, many hands were raised in the audience, -

1 At the same time 1t could be seen with what an efiort thel

O
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r;ster was sought for by Shereshevskilys with eyes shut, ,_}
with characteristlc motions of the halif extended hands,
28 1T proping through the words of the serles, etc., Only
after many seconds had elapsed, was the word “typhus®
spozen oub. Later on, Shereshevskiy told that he had
mentally gene cver the serles of words, bdbut, im a hurry,
had missed the needed word on first attempt, and had to go
over the series a sccond tine, '

The "machine! principle of .memory, which under the
condltions of thls demonstration was relied upen by Shere-
shevskiy, revealed most strikihgly its limitations in
comparison with the mesning principle cof operatien, speci-
fic of & normal human memory, which evidently is also
controlied by that ideal “"opesrator' whieh is the image.

Still more complex 1s the problem of simulation of
thinking. Here we come upen the fact that the criginators
of machines, in some cases, visuallze the processes of
human thinking in en insufriciently complete manner, For
example, the operative definition of thinking propcsed by
Thuering is, from this standpoint, clearly unsatisfactory,
since the choilce of a correct answer tc & gquestion does
not amcunt to thinking, Without dlscussing here the
guestlon, as to whether human thinking amounts to the
performance of such operstlicns as, for example, the
demonstration of the theorems of géometry, theorems of
mathematical logic, translatlion from one language intc
ancther, etc., which to date can he successfully carried
out by & nmauchine, we only wish to emphasize that the
vossibillties of simulation of thinking sre, at the present
time, practlcally limited to those mental cperations for
which it is possible to find a single-.valued system of
rules (algorithms), On the other hand, the development of
machines capable of plausiblé deductions, in the neaning
of Polya, and of making correct decisions on the bhasis
of inadequate data, encounters up tc now insuperable
difficulties. : :

In fact, the "thinking" machines operate not with
lingulstic objectal values, not with a language, but with
computation, that is with a certain set of rules, with a
& formal system devoid of objectal tenor, which iz evolved

ccording to the following principles =) an arbitrazy
falphabet" 1s prescribed, b? initial “words" in this
slphabet are prescribed, ¢) rules are prescribed for the .
formation of new "words" from the initlal, As a result,
the objects, the operation with which is auvtomated in
the machlne, appear as elements of preseribed oparetions,
but within the scene of performance of the machine their
cbjectal tenor remains blank. In human thinking, on the

l_fther hand, trne meaning of objects is determined not cn%zJ
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| oy 10010 correlatlionsg, but also by their objectal tanor, }
and by the psychological situation within which are ) '
nbve;nnl 12 the actlens of mang by his Ilntentions and
motives, by his relatlonship to the preblems, ete, Henee,
numan acugvk cy Ao working wit 3 any bechnieal “ynt@m COv~

sists Iin dnparting meaning %o the signals delivered by the
machine, for the rvurpoese of determining the eblectal tenor
of recva=ﬂ information, and the lecctiou, on this bagils,
of the yegulred action. Since the latter constitutes the
main Link in the vwhole chain of processes, which can notbe
@limzratud, many authors on proposing mathematlcal formulas
Tor the Yeriterion of ratlonal cholce of action', intro-
duce parapeters the values of which are determined by the
capabilities and potentialities of the acting man. The
necessity of introduction of these, so to speak psycho-
Logical parawetérs shows that io this instance also we
can not, as yel, ad @quately simulate human activity.

This s in sunming up, 1V can be sald that at present
nces in ummulaticn of psychic activity of man ars
1ty 1ts basiec ﬁﬁ&anVETwain are not reproduced

the af 5

ghty

achine duilt up %o now. There is, all the more,
a1

dva
vErYy :3i
“ by any n
no machine snslogy for the fact that in the case of man
1% 1s always of ixpuftnﬂc how cognizant he ia of his
work. Tt ds commom knowledge, for example, that the
““utput“ of 8 person can be gxeatLy incrnodea by provision
of an appropriate gﬁ&lo But the QPVQIWPFGH of & machine
having 4uah truly human characteristics is apparently
*nst as Aifficult and remote as an artificial creatlon of
ife carpable of nroducing s thinking and conscious being.
0f course it i$ easy to point out, on the other
hand, some charasteristies of machzn&a which can net bﬁ
repvmduc@d hy man., ¢t wai stated bereinbefore that there
are many things which the machine dogs better than wmen.
However, vrubably'Lhe most cﬁnsummate characteristic
inherent to all machines, but not to man, i¢ the possi.
bility of pregngatlon of the machine under the con-
ditions when 1t ig not operating and 18 not subjected
to external influences. Yet it is imposcsible to keep
man in Yperfect orvder' under such condifions.
: Tt 1s well known fu? example how man 1ls affected
by prolonged isolation and cempulsary ineectivity. It is
\uunu that 4 man is kept under conditions of sharply
reduced anditory and optie stimull, svmpfoms “&pidlf se'
in of serious dlsturbances of his psycnic state, There
develop, ag iz shown by datsa c”teu in the review apticie
nf Hood, visusl, and unGer certais conditions alseo
suditory Lalmuclnationx. Man can not with mezn;ty,
" feel nething and do nothingy he must bw actlve, And this
i sharacteristic, of which machines are fully deveid,
L,sapvemu‘v apparently his utmost nature. Human nature ‘“l
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{.;f man 38 the product .-of his historic development, precisdy
as & subject of active, transformant, conscious activity,
as the only true sublect of work, '

3

Thie consldering of man as a particular link included
in the system of automatic devices and machines, mekes it
possible to resolve very important problems concerning the
increased efficiency of the operation of this system., In
coniceding not only the legitimate nature of such an ap-

.proach, but slso its necessity, one should at the same
time also emphasize lts limitations. The limitations of
such an approach are due to the fact that it is abstracted
from the social nature of work and from the social nature
of man as its subject -~ a circumstance that can not be’
dlsregarded, not only in the working out of the broader
theoretical problems, but also within the scope of the
"man-machine! problem.

It 1s precisely the disregarding of this circum-
stance that has led to the views which consider the man
as a mere link of an autcnomous, in principle, complex of
machines generated by the machines themselves, of a link
that still remains, in a most vexing manner, unreplaced
by automatic devices, The changes of the functions of man
in vroduction, caused by the course cf technical progress,
are considered hy the proponents of these views.ass arn zl-
leged Indication of the oceurring elimination of man
from the svhere of production. However, the idea of a
progressing "dehumanization" of work is actually only
reflecting its practical alienaticn, Iinduced by domi-
nancy of conditions of private property.

At present, when study of the "man-machine®
systén becomes a steadlly more urgent problem, the un-
covering of the actual correlations found heyond the
correlations prevalling within this system, is especial-
1y necessary. It 1s necessary, in particular, in order
that-engineering psychology be in a position to develop
not wmerely as an ancillary discipline of technology, but
as a leading division of the psychology of the work
activity of man. ,

An unquestionable achlevement of Soviet psycho-
logical science 1s the overcoming of the unilateral,
naturalistic approach to men, the interpretation of
human psychics as a product of soclal-historic develop-
ment. In concrete investigations of psychie activity of
man such an interpretation was realized for the first
time by L. S. Vygotskiy ('"Development of Higher Psychic

j Functions', 1960?. This approach retalns, of course, al{_J
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of its valus also in work ,nv0u0¢cgv. 1t should he alse
extended to include problems of engineering psychology.
Man 1s, of course, a natural being. However, ag a ~ouia~
4utjsct he exhibits particular chararzériatios; which alsgo
invelves a change in the t"pe of his development, and of

the laws which govern it. This s the res sult of tue specific
nature of his activisy, which resides in the fact that it

is a productive activitv. Of such a nature is primarily the
basic human activity -- the work activ*hy.

! The work aculvlty of man is embodied in its product,
it 1s converted to the form of subsistence or cbjectifica-
tion (see K. Marx U"Capitalt, Vel 1, lbbp, 3.8 1872188), At
the same time in the tools bv means of whieh 1t is achieved,
man acquires virtually new organs, which, in the words of
Marx, he adds to the organs of his body.

Thus, man appears in history as & subject of work
activity, of a process hy means of which he actively con=-
trols the materilal interchange between him snd nature,
and, on setting his cognized goals, he effects predeuerri--
ned changes in the work chjlecst, Altkcugh the. combined
faculties which man exerﬂise= in this connection 1nﬁlude
necessarily hils physical force, the latter iz only practi«
cally realizing in the product of werk that aqnect of this
process whilch constitutes its psychologleal tenor. In
other words, man manifests himself in the woerk activity as
& subject endowed with psychics, with cognition. By en-
bodying his intentions in the work he not only overcomes
the inertness of natural matter, creating tocls and maw
chines, but overccomes also the "blologiecsl inertness? of
his natural organs, of his natural forces and faculties,
Therefore the develovment of man during the progress of
the soclal~history process proceeds st a rate which is
completely incommensurable with thﬁ rate of his hilclogieal
evolution, Let us considsr this process in somewhat gresner
detail .

Every individual person enters life under conditicns
created by the nreceding generations. Bub these conditions
are not, by any mesns, a mers envircment in Wal&iimn to
man, to which he must adapt nimselfs in tne form of ob-
jective things and phenomena, these cnndi ions carry
within themselves the achievements of the historical
development of peonle the experience of social practice,
the combination of the human faculties shaped in the
course of history. In ordeir to live in scclety man reeds
more than that with vhich nature has provided nim at birth.
He must alse master the exnerience gain@d In the ¢ourse of
social history, which is embodled and. chbjectified in the
environment of the human world -- a world of industry,
sciences and arts. This dppliba primarily te mastering o”
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work tcols, which constitute the typlcal, materlal form ’P}
of erystallization of human activity. ' :

h tool is not merely a vhysical oblect having
definite mechanlcal properties, It is at the same time
also = soclal objecty an ohjlect in which are embedled and
consolidated the ways of action evolved in the course of
history -- the working orerations, The existence of this
soclal and at the same time ideal tenor, c¢rystallized in
the human tools, differentiates them from the "tools" of
animals,

Animals also perform certain operations by means of
the soecalled Mtools’, For example, it 1s well known that
monkeye learn readily how to make use of sticks. However,
the "tools" of animals, unlike real tools, do not become )
lasting carriers of the means cf thelr utllization. The
animals do not keep thelr "tools'y they are not trans.
mitted from cne generation to another, nor are they im-
proved, Consequently, there is in animals no process cf
mastering of tools, of thelr “adoption'. The use of the CL
"Lools"™ dves not develop in them new facultles; on the d
contrary, the "tool" itself 1s subject to the natural
behavior, based upen instinet, within the system of which
it 1s included,

Quite another matter 1s the employment of tools hy
mane In the course of mastering of the tool, man conforms
nis motions to the socilally developed system of operations
which 1is materially consclldated in it, The tool causes a
rearrangement of the behavior of man, and develops new
faculties in man during his life. "... &doption of a
definite set of preoductlion tools -~ says Marx -- is
egulvalent to development of a definite set of faculties
in the individua theumselves® (K., Marx and F. Bngels,

Works, Vol 3, page €8). ‘

The same thing takes place when man musters the
rhenomena of spiritual culture. For example, mastering of
a language 1s the result of those mental operations which
have been historically consclidated in its meanings. It
ls obvicus that in the ccourse thereof alse takes place a
mastering of the operations as a result of which is -
realized the unifornity of the grammatical and phonetie
system of the given language.

Thus, the same as the faculty of achieving activity %
with the use of tools, the speech activity of man, his
speech-motive and auditory functions, arise as a result of
his mastering, in the course of the process of ontogenetic
development, of the achlevements of historlcal development
of humanity, embodled in the oblective world that surrounds
him - .

1 The type of develorment inherent in man puts him_~J
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f*in & particular relaticnship with the world in whieh he
18 living. Adaptaticn to the environment loses In man its
direct, biclogical charzcter. The world of Buman objécts
and phenomena, which 18 nearest and most important tc man,
confronts him not ay an senviroament to which he must adarpt
himself, but as something which he makes his property, anéd
by means of which he . achievés his l1life.

Thus, the development of man's activity in a soclsty
i8, in a way, extending beyond the limits of his being.
This is, of course, only a metaphorie expression. However,
1t shows a most important fact, This fact 1s, that to man,
tools and machines, language and science, are orgens of
his activity -« of outward activiiy as well as of inner,
mental activity. And this is true to such an extent, that
if wan is deprived of these organs, he is found to be
fully devold of capability for any human activity whatsoe
ever,

' On the cther hand, the. removal of man would convert
the worlid which he has created to a mere clutter of slowiy,
but unaveidably decaying objects; thelr fate would be the
séme as the fate of andtomy organs severed from the humsn
organism, In other words, behind this "eadyemade" world
continues to stand man, as its basieally irremovable
suhject. . :
The relationships which we have deseribed appear

under the conditicne of a clase soclety only as the re-
lationshins of an abstract, Yintegral' man., On the other
nandy the real man is foun& to Ye facing, under these
cond{tions, the world of material and spiritual values
created by menkind , 2s an slien force which subjugates
him, These relationships become for the Pirst time the
true relationships between men only In our era, the era

of censolidatlion of sceialistic communist society, which

liberates humen labor. It 1s these relatiocnships that
determine the prospective development of human activity
and of man himself.

The approach to man which ensuves from these .
prospects, aliers substantlally the nature of the psysho-
logleal problems. The work activity of man reveals in |
the light of these prospects ite full tenor, and appears
as the principal form of his activity, which iz becoming
steadlily more "reintegrated!, and inciuding the diverse
panifestations of human psychics. Therefore the psycho.
logy of work ceases to be & speclalized branch of psychte
logy and its theoretical problems become also the major
problems of general human psychology. Thls also means,
however, that the psythology of work can no longer dé-
velop on the "butts® of psychclogical sclence, as was

i_wthe cssa within the framewerk of the former psydhotéchndﬁfi.
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Development of mechanization and automation 1s
necessarily intellectualizing the work functions of man.
Fowever, under the conditions of capitalistic production
this process is hampered, On the other hand, in soclalist
soclety, where the overcoming of the breach between physical
and mental work is becoming cre of the major social problems,
1t acquires full freedom for its development. This refers
not to a mechanical combining of external, practical activity
and the inner, mental activity, but to their merging, to
their mutual vermeation. This poses a psychological problem
which from the standpcint charscteristic of idealistic
psychology is fundamentally irresoluble. -

It is well known that this standpoint is based upon
a2 contrasting of phenomena and processes of two different
kinds. One kind consists of material processes and phe-
nomena, which include also the outward activity of man
and the physiological processes which effect it. The other
kind consists of the inner, subjective processes and phe-
nomena of thinking, imagination, etc. It is alleged that
it iz solely they that constitute the sphere of psychies,
It is obvicus that from this standpoint any outward ace-
tivity is fully outside the field of vision of psyzho-
ioglcal research. - -

This question 1s being resolved in a quite differ-
ent manner from the standpoint whieh was first developed
in orderly succession in Soviet psychology. The differentfi-
ation upon which 1t is vased is differentiation of material
subject, of that objective reallty with which this subject
is interacting, and finally of the processes that effect
this interacticn, At a certain stage of evolution these
processes, which have become of infinite complexity,
acguire a structure which renders possible such an
"unfolding' of them in the bralian of the subject as to

“constitute the image, the psychlcal reflectlon, of the
reality acting upon the subject. '

Since these processes are, in practice, conneecting
tlie subject with the reality that surrounds him, they are
necessarily subordinate to its cbjective characteristics,
associations and relationsy hence, Jjust as necessarily
are subordinate to them aisco these reflections 4n the krain.
Only at the still later stages of development -- at the
level of man -- are the processes which connect the
subject with the surrcunding reality, and which at the
same time effect 1ts "translation® into npsyzhical re-
flection, capable of acquiring alsc the form of inner,
cognizing activity. They remain, however, the processes
which effect the real 1ife of the real, material subjec?il
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r;;ing a derivate of outward, practical activity, they, "'7

in turn, serve as an intermediate to lt. '
The thneoretical views briefly outlined above, fully

eliminate the contrasting of inner, mental activity and
the outward, practical activity, which .ls characteristic
of the ebsoiete, idealistlc psychology. Thus these views .
open up the way te investigation of their actual inner
correlations and make 1t possible tc advance the hypothesis
of a fundamentally common structure of cutward and inner

activity (see A, N. Leont'yev -Problemy Razvitiva Psilkhiki -
[Froblems of Development of Psychiéc!;'19§95. '
This hypothesis arose oni the basls of experience

with analysls of develovred, intermediated by psychical
reflection, forms of activity inherent in man, Such an
analysls requires the differentiation in the ccmplex
pleture of the system of human activity, taken as & whole,
first of all its most general '"units!" -~ the separate
activities, VWe denocte by this term the complex combination
of processes united by a common direction toward the
achievement of a definite result, which constitutes at the
same time the objective incentlve of a given activity, l.e.,
that which concretizes (in which is "objectivated") some
need of the subject. The result,to the achievement of which
is directed the activity of the subject mey be of a .
directly practical nature, or of 'a ldealistic, thecretical
rature, It is evident that in the lormer instance cf main
significance In the activity will be outward, mctive
processes; in the latter case, the inner, mental processes,
In order to detérmine the correlation of these processes
it 1ls necessary to extend somewhat the analysis,

Achievement of the result'inducing some zetivity of
the subject, assumes the performance of = number of acticns
which senstitute the tenor of a given activity., These are
relatively independent processes, suoordinate to a
cognlzed purpose (1f the result of the activity is cognized
as the ultimeate goal, then the purpose cf the action is
cognized as an intermediate goal). In contrast with the
sctivity, the asctions correspond not to an Independent
motive, but to the motive of the &activity in the tenor
of which they are included. The relatvive independence of
an action is exhibited by the fact that the same asction
can effect different activities; it variles only in its
motivation and in esccordance with the meaning vwhich it
has to the subject. '

From the standpeint of the problem under consider-
~ation, it 1is important to emphasize that actlons can also
be either outward, vnractical, or inner and mental. Thus the
tenor of practical activity not infrequently inciudes .

l__@éntal sctions, and the tenor of a theoretical aCt1Vlt¥.~
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{TEAy inciude outward and practical actions (for example, “‘]
in adjusting a laboratory unit the investigster cerries ¢
oat a practical action, but it is & part oi his theoretical
tnvestigative activity’.

The third "unit" which should be differentiated 15
the proeedure by which the action 1s carrled outy that
which we call an operation., The opsrations, which in & way
are the "technical' compcnents of actions, are ‘also rela-
.tively independent., In effecting the action they corre-
spond to 4its conditions and not directly to its purpose,
Therefore the same operations may effect differeht actions,
outward as well ad inner, mental. At the same time the
operations themselves may be 1nner, mental (for example
calculations "in our heag").

' " Thus the structural units which we have differ~.
entlated can be, first, of the form of outward processes
‘as well as of *he form of inner processes., Secondly, they ..
¢an change from one form to the other; for example, the
directly productive work activity can include in its tenor
a large number of dmner actions, such as, mental comparison
of indlcator readings, all kinds of computatlons, etc. All
this gives reason for abserting the common structure of
outward and inner activity. However, in a deeper sense
this common nature 1s revealed only on examination of the
genetic correlations which interconnect the outward and
Inner actions and operations,
These. correlations, as is shown by presen*-day

studies, are characterizeé by the fundamental faet that the
inner mental actions and operations arise from the oxxtward 3
that they are the result of the process of interxorization
of the latter., We know that the process of interiorization
had been described by many psychologists. This process is
most complex and we can not, of course, undertake its |
detuiled analysii. We will limit ourseives to the concider-
ation of only¥ two guestions: the guestion concerning the
necessity which induces this process, snd the guestion of
fornation of mental actions.,

It may be considered as generally accepted that the
mental, thinking activity is formed in man during the course .
of his ontogenetlic develcpment. However, up to now this -
process is often visualized in an extremely simplified
manner., It is assvmed that the thinking, logiecal processes
develop in man in the same manner as the analyticesyn.-
thetic activity develops in higher animals, and that all
the difference between them iss first, that in man the
thinking processes are formed under conaition= of the
*nf uence upon him of phenomena of a social nature, ln-

siuding the effects of speech -~ stimiili of the second
signal systems seconaly, that in man this process takes
lace under the influence of training, which presents to_|



' the learner z systematically selected and properly corre-
lated material. 4s a result, due to repetition and rein-
forsement of these correlations, thers are formed in him
such associations, combined into complex systems, the
actualization of which constitutes precisely his tliinking
activity, . - .

Notions of this kind, although attractive by their
spparent simplicity, are in manifest ccnfilet however with
-the facts. They conflict, first of all, with theé real rate
of progress of a child's thinking. Indeed, the formation
of wental, logical processes, developed durlng the many
censuries of soclalehistorical practice of mankind, by
formation and generallzation of correlaticns, arising
‘under the influence of an ewn speclally selected material,
would reguire meny, many life-spans. Actually, this :
rrocess progresses very rapidly and on the basls of a
materisl incomparably more restricted than the minimal
necessary for the above-deseribed process,

A still more serious difficulty, enccuntered by
the simplified scheme cof ontogenetlic development of tne
thinking activity, under consideration, is the fact that
it is nossible, for example, falrly readily to develop in a
ehild assoclative correiations of the type 3 + L =7, bui
a correct actualization of these correlations by a child
is not at all an evidence that he has mastered the arith-
metical operation cof addition; it may be found that he
can not count at all. The gist of the matter is, that it
is not the overation of addition which is the product of
these correlations, but just the opposite -- these ccrre-
latlons are the products Of mastering of this operation.
Theroefore the teaching of addition never starts with &
learning of tables of additicn, nor does 1f consist 1n 1t,
The child is taught to perform the operation of adaition,
that 4s, this action 1s actively developed in the chilld,
It 1ls only subsequently, as a result of a complex process
of transformaticn of this action in the child's head, thut
he develops the appurently elementary associaticns of the’
abotre~stated tyne,

But, how can a mentel action ne formed ? The
corresponding process must undergo formaticn in the ehlldts
head, but as previously stated this can ngt take place by
itself under the influence of those objective phenomena to
which this process corresponds, For example, the influence
of empirical sets can not bring adous the“formation of
mental computation. Mental actions can ve formed only by
neans of mastering the historically evolved acticns. In
other words, the actions must be activsly bullt in the
child, and in every man, by the surrounding people, But

i-to build directly & mental action, that 1s an action thﬁuj
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rf;%sentiaJ tenoy of which conzists of procesces taking #~1
nlace in the head, ils impossible: such an actlon cs Y
neither te shown nor sesn,., Therofore the only possihle
way to teach a mental action L& first to produce %this
dChiOp in the form of an outward acticn, with chjects which
are also outward, and then to transform it inte an inner
aetion. o

Thus, the mental actions and cperations are onto-
FPﬂPtLCQL*V formed as a Pesult of a mastering cf "them,
which is nossible only if they are vresented in an outward
form. This is preciscly why the existence of a speclile
nrocess of ints Plﬁ"iudtlbn is necessary.

To date the puth over which takes place the transa
formation of the cutward actions inte inncr actlons has
been studied in sulficlent detsil (see P, Ya. Galtiperin
"Deve L pncnt of Investigations on the Formation of Mentsl
Actionsg® in the symposium P%ikhologicheukﬁva Nauka v SHER
[ Psychological science in the USbHJ, Vol L, Moscow, Ll%5%).

The process of Interiorizatl on is, however, only
cne of the charseterlstic aspects of the correlstions
between outward and inner dctivitles. The other aspect is
exhiibited in a process tak‘ﬁg place in the opposite di.
r@btkonz in ‘the process of exteriorization.

A very lupcrtant characteristvic of mental actions
and operations resides in the fact that they are capable
of changing from their inherent, concise and zbridged form
inte an wnfolded and outward form. This kind of inverse
transformation of them, which ls sometimes total snd
sometimes incomplete, 1s well-kncwn and constantly ob-
served, for examnlc in cases when difficulties arise
which make 1t necessary to verify the zction while locking
at 1t (the solving of a mentsl problem "with pencil in
hand®, by dra v;nc a disgram, etc.). The main thing, however,
is that rhﬂ transformation of mwental processes Inte an
unfolded ouLwaﬁd form vrovides the possibillity of theilr
embodiment in practleal activity, and of thelir crystol-
lization in tools and mac}izea, whilch are, accerding to
Marx, "the man-made organs.of human brain®,

Thus the correlation between outward practical, .
and inner trecoretical activity of man is charucterizﬁd not
only by the fact that tre separate "units!y which form
their tenor, are capable of moving from one kind of v
activity into the other, but also by the fact that they
are capable of mutual transfarmaitcn. The significance
of these mutual transitions and mutusl transformetions was
hidden by the chasm which, in the cld soclety, separated
physical and mental work. Thxs separatlon apneared %o be
permansnt and Tundamentally insuperabvle. Hence the psychos

logical study of mental processes was also divorced fro?_J
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f.%heir Live connection with oubward practical activity. 1
" For this peason it i3 most pertinent at the present time
to develop further the study of concrete correlations,
vhien connect thought and work; “bead gnd hands®. In our
epoch of convergence of mental and physical work, it is
a most important psycholoeglcal problem.

5

The problem of “man and machina®, which has become
the penter of attention in modern psychology of work, 1s
not only a practical, but also a tneoretical problem con-
cerning the correlations between the processes effected
Wy machines, op the one hand, and by human activity, on
the. other. From the standpoint of man taking psrt in the
process of production, even the most modern machines, '
including those provided with automatic control devices,
are perely s technical means, & method of effectuation of
groductive activity. Man consigns to them = vast number
of functions which in their combined complexity are
tevond his power, These functions, however, are created
by man, and in this sense they are transformed and oh-
dmctivated human functions.

L was stated before, any operations, regardless
whether cutwerd-motive or mentzl, are parts of the tenor
of action as means of 1lts effectunation. On the basls of
their origin they are transforwed actions. This trans-
formation occcurs when an action bscomes & part of anolther
sction whieh 1s more. complex and may be termed a Yhigher®
action, in relation to the first., As a result, a formerly
relabively independent actlon. ds graduaily “aslgorithmized®
and M"auntomatedt. Thusz for examole, the formation of &
rotive techrigue (motive skill) begins, as we know, with
its mestering in vLhe form of & cognlzably performed
action. Then this action is included In a more compleX,
integral action, within which 1t acquires the final
"finisht, after which it 1s performed more or less auto-
gatically. Ia the same manner are also formed all mental
cperationg, with the only difference that In this case
the initial action alse undergoes interlorization.

Figuratively speaking, the formaticn of an oper-
ation is the dying of a formérly creative action, In the
speration are retained and become fixed only those
structural correlations of an action which reprciuce the
ohiective correlations of the objectival conditions of
its performance, These objective correlations are not,

~of course, psychological; that 1s the, very reason why
they can be embodled in an objective form, in the form’
L of objestive products of human activity, :dnd separate ,J

-~ .
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fjgrom mane Thus they acguire their own objectlive existence ]
and development. ’ . ,

- Such are all human tools, in which are crystallized
the work operationsy such are the words of a language, _
which carry within their meanings the mode of their usages

“such are, finally, the laws and formulas of loglc and
.mathematics, . X
' Do the technical devices of cybernetics constitute
.an exception in this respect % They are capable of per-
fornming any, even the most complex, mathematlical and logic
operations. Man can convey to the machine diverse functions
0f his brain, on the condition however that they are
¥adaptable to formalization; otherwise they can not be .
technically simulated. But the functions which meet this
condition are nothing but operations; they are processes
which have. already been formalized, "techniclzed", s¢ to
speak, in the brain. :

One often speaks of machine activity, of actions
rerformed by the machine, A deseription of the work of
machines in these terms is justifled by the fact that the
system of processes which they effectuate appears tc be
fully coincident with thre human action which this system
is simulating. Indeed, if we consider as the "unit" of
sction analysis an operation (or, all the more, some unit
differsntiated on more detailed analysis), we can obtain
as a result their full mutual superposing. The fact is
that operations, as we had emphasized hereintefore, de
not add to the tenor of an action, but form its tenor.

In other words, on mentally subtracting from the acticn
the operations which effectuate 1t, we exhaust thereby all
of its tenor, There remain only the cognizance of the
rurpecse of the action, its motivation and its meuning to
the subject, which depend upon the activity which he
carries out, and the respective "emotional sign' of the
given action -- all that which constitutes its “psycho~ -
logical remainder" and imparts to the action a live,
predilected character.
<« Thus, the machine reproduces not the action, but
only a system of operations which constitute its tenor,
Does this put a limitation to machine capabilities %2 We
belleve that this question should be separated into
parts. If we are talking about the capability of a ne-
chine to cognize the purpose and meaning of the action,
of actively to differentiate these purposes in accordance
with requirements and motives, then in the framework of
nonliving matter the answer to thls question must be
negative, On the other hand, 1f we are considering the po.
tentialities of the machine to effectuate all of the :
jf complex systems of mental processes, we must admitaghat_—J



ithese potentialities are boundless and encompiss also l

t

abandon that approach t¢ this problem which, while bolély

precesses which are fapr beyond the sceope of the known
operations, "

This contention is by no means in conflict wish tne
proposgition that only coperations can be fechnically simue
lated. We have mentioned before that operations are the
nroduct of transformation of the action, oceurring wnder
the conditions of its inclusion ss a component inte a more
complex, "higher" actilon. Conseguently, that whinh today
appears in human thinking as a creative action wiich can
not e formalized, mey btomorrow becoms an operatlon. Hence
there are alse ne boundaries which limit the dezvelopment
of more and more "intelligent" macnines. We should only )

extrapolating into the future the techmical developnents,
regards at the same time the mental potentialities of man
as statlonary and not developing, When man consignsg to

the machine the performance of coperations, he 18 not merely
unloading his brain. The machine is a means of work, a
"eonductor' of human actlvity and, like asny means of work,
it provides him with eguipment. Therefore, when man dele- ]
gates his functlions to the machine, the machine, in Lurn,
is in a way imparting to man the functions which it ful-
£ills. For example, in uwtilizing a computer for processing
of necessary deta, man is not orly consigning this funciion
to the machine., By utilizing the results of iis Tunow
tioning, man widens his mental capabliitises, cen soive
proviems which could not be scolved without employment of
the machine. At the seme time, the functions which men
consigns to the machine are not merely reproduced by it,
but are greatly accelerated, become more conplex and

widen tneir limits, Also, that which the machine tonw
tributes by lts work to human activity, brings aboot the
formation ¢f new facultles in man, of new functlonal
systems of his brain, which constlitute "mewnlls physiow
logical organs' (Ukhtomskiy) of these facultles,

In psychology of work activity of man these circune
stances are of Importance becaduse they emphasize the
significance not only of the problem of adaptation of the
machine to man, but also ¢f the provlem of active for-
mation of psychiecal faculties of man In acocrdance with
thie demwands wmade upon him by technical progress, and with
the potentialities which i% affords him.

- END o
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